The effect of sunlight, shade and degree of ripeness on potentially volatile C13-norisoprenoid concentrations in Weisser Riesling grapes and wines and in Chenin blanc grapes, was investigated. Norisoprenoids were released from their bound forms by acid and enzymatic hydrolysis. With few exceptions, norisoprenoid concentrations were significantly higher in sun-exposed grapes than in shaded grapes. Significant increases in norisoprenoid concentrations were observed with an increase in ripeness. Microclimatic conditions during grape ripening for the production of Weisser Riesling wine with a potential to form lower concentrations of TDN during ageing are proposed.
The effect of climate and soil on the performance of the vine and on grape and wine quality represents a complicated interaction between light intensity, temperature, water supply, wind and physiological processes (Saayman, I 981 ). The microclimate within the canopy also has an important effect on grape development and composition (Smart eta!., 1985) .
Sugar accumulation within the berries during ripening is mainly dependent on leaf photosynthesis, which in tum is dependent on light and temperature (Iland, 1989a) . Photosynthesis ceases in the absence of light (Ashton & Admiraal, 1990) or may be greatly delayed at temperatures lower or higher than the optimum temperature range (lland, 1989a) . The interaction of light and temperature may cause increases or decreases in pH, acidity and the production of anthocyanins and phenolics (Iland, 1989b ) .
Differences between the effects of artificially shaded leaf and cluster treatments on Cabemet Sauvignon berry composition were reported by Rojas-Lara & Morrison ( 1989) . Leaf shading delayed berry growth and sugar accumulation, while cluster shading had little effect on these phenomena. Cluster shading significantly affected anthocyanin accumulation, while leaf shading had little effect in this respect. These findings were confirmed in studies on naturally shaded Cabemet Sauvignon grapes (Morrison & Noble, 1990) . Sensory evaluation of the grape juice and wine samples revealed significant differences in quality between the control (grapes totally exposed to sunlight) and the shaded treatments, but no significant differences between the different degrees of shade.
Few studies report on the effect of shade or sunlight exposure on the concentration of flavour compounds. Higher levels of free volatile (FVT) and potentially volatile (glycosidically bound) terpenes (PVT) were reported in sun-exposed Frontignac grapes than in shaded grapes during ripening (Williams eta!., 1985) . Similarly, higher concentrations of PVT were found in fully exposed Gewtirztraminer grapes than in partially or totally shaded grapes sampled between veraison and harvest (Reynolds & Wardle, 1988) .
The effect of sunlight on c 13 -norisoprenoid concentrations in grapes and wines has not yet received attention. Like monoterpenes, norisoprenoids constitute an important part of the aroma compounds of grapes and wines. Williams, Sefton & Wilson (1989) demonstrated the sensory significance of acid hydrolysates, which contained a great number of norisoprenoids, in varietal flavours of grapes and wines of Chardonnay, Sauvignon Blanc and Semillon. The importance of 1, I ,6-trimethyl-1 ,2-dihydronaphthalene (TDN), the VJt!spiranes and betadamascenone in the aroma of wines is well known (Strauss et a!., 1987b ) . 1,1 ,6-Trimethyl-1 ,2-dihydronaphthalene is of special importance, since it is associated with the kerosene-like flavour which, almost exclusively, develops *Part rJf 'a Ph.D. (Agric.) dissertation to be submitted by the senior author to the Uni\w.1ity ofStellenbosch.
in Weisser Riesling wine during ageing (Simpson, 1978a; Simpson & Miller, 1983 ) . It is generally accepted that this flavour becomes undesirable when present at high intensities, especially in wines produced in hot regions.
The existence of monoterpene and c 13 -norisoprenoids in free and glycosidically bound forms in grapes was demonstrated by Williams et al. (1982) . The techniques used to isolate these glycosides from grapes include selective retention of the precursors on C 18 reversed-phase adsorbent (Williams eta!., 1982) or on Amberlite XAD-2 resin (Gunata et al., 1985a) , and separation by droplet countercurrent chromatography (Strauss eta!., 1987a) . The liberation of the aglycons by enzymatic and acid catalysed hydrolysis produced a variety of volatile compounds of which C !3 -norisoprenoids formed an important part. Sefton era!. (1989) The purpose of this investigation was to evaluate the effect of sunlight and shade on potentially volatile TDN and other norisoprenoid concentrations in Weisser Riesling and Chenin blanc grapes and Weisser Riesling wines. Chenin blanc was included for purposes of comparison, since the wines of this cultivar are normally neutral and do not present kerosene characteristics. Special attention was paid to the recognition of viticultural practices, which could limit the TDN development potential of a wine during ageing, with a possible enhancement of the quality of aged Weisser Riesling wines.
MATERIALS AND METHODS
Sampling and harvesting of grapes: Grapes of two Vitis vinifera L. cv. Weisser Riesling clones, namely 37 and W1, and grapes of Chenin blanc (clone Montpellier) from the Stellenbosch region [Nietvoorbij Institute for Viticulture and Oenology (Nietvoorbij) vineyards] were used during the 1991 vintage. Weisser Riesling vines (appro ximately 500 per block) were vertically trained (hedge system) and spaced 1,2 m apart in east-west orientated rows 2,75 m apart. Chenin blanc vines were trained and spaced similarly, but only one row of 50 vines was used.
Four duplicate samples of each of the naturally sunexposed and shaded grapes from two Weisser Riesling clones were picked weekly over a period of three weeks. Sun-exposed grapes received direct sunlight in the morning on the southern side of the rows and in the afternoon on the northern side of the rows. Shaded grapes were shielded by leaves from direct exposure to sunlight. Approximately 2 kg of grapes per sample were collected as whole clusters on a representative basis. Chenin blanc was sampled similarly, but not in duplicate.
In addition, 120 kg of grapes of each Weisser Riesling clone, and from both sun and shady conditions, were harvested at the last two sampling stages. Wines were produced from these grapes according to standard white winemaking practices. Grapes were crushed, the juice left in contact with the skins for six hours, separated and then settled overnight with the aid of commercial Pectinex enzyme. Each clear juice was divided into two equal parts, each of which was fermented using the same yeast strain. Wines were not produced from Chenin blanc grapes.
Isolation, liberation and extraction of aroma compounds: Grape samples were crushed by hand and filtered through cheese cloth by applying slight pressure. Juice samples (50 ml) were treated with 10 ml 10% bentonite suspension, left for 10 minutes at 0°C, and centrifuged at 3000 rpm for 10 minutes. Glycosidically bound compounds in the clarified juices and wines were adsorbed on Amberlite XAD-2 resin, according to the technique of Gunata et a!. (1985a) , as adapted by Versini eta!. (1987) . The bound fraction was divided into two equal parts. Norisoprenoids were liberated from the first part by enzymatic hydrolysis (Rohapect C) at pH 5 in a waterbath (40°C, 15 hrs), and by acid hydrolysis at pH 1 in a waterbath (50°C, 4 hrs) from the second part. Liberated norisoprenoids were extracted with pentane/dichloromethane (2: 1), the extracts concentrated and kept at 0°C until analysis by gas chromatography. N orisoprenoids were determined in the Weisser Riesling grapes and wines and in the Chenin blanc grapes.
Gas chromatography and mass spectrometry: The gas chromatographic analyses were performed, using a Hewlett Packard 5880A instrument with automatic dual integrators. The capillary columns and gas chromatographic conditions used, were: Norisoprenoid concentrations were expressed as relative concentrations in relation to an internal standard (3-decanol). The identities of the norisoprenoids were confirmed, either by comparing their mass spectra and retention times with those of authentic standards, which were analysed under similar conditions and on similar columns, using a Finnigan 4600 mass spectrometer or tentatively by comparing their mass spectra with those reported in the literature.
Statistical analyses: The statistical significance of the effects of sunlight, shade and degree of ripeness on acidand enzyme-released norisoprenoid concentrations in Weisser Riesling grapes and wines was determined by means of standard analysis of variance methods (Snedecor & Cochran, 1980) . Since the effects of sunlight, shade and degree of ripeness between Weisser Riesling clones 37 and Wl were consistent, their data were combined for the calculation of these effects. The general impression obtained from the data was one of proportionality. The data were S. Afr. J. Enol. Vitic., Vol. 13, No. 1, 1992 therefore simplified when transformed to the log scale. No statistical analyses were performed on Chenin blanc grape data. ous studies ) some c 13 -norisoprenoids were released from their bound forms by acid, and others by enzymatic hydrolysis. The compounds analysed were grouped according to this phenomenon (Table 1) . Compound 6, called OH-TDN, was included on account of the relatively high concentrations in which its bound form occurred in grapes and wines. According to its mass spectral data it appeared to be a hydroxylated derivative of TDN (Table l ) .
RESULTS AND DISCUSSION
The liberated C13-norisoprenoids analysed in the grape and wine samples and their mass spectral data are listed in Table I and their structures given in Figure 1 . As in previ- a Statistical analysis was performed on log-transformed data. The F-test was followed by the LSD-test. S 1-S4 Sampling stages of grapes. S Sunlight-exposed grapes. Sh Shaded grapes. R Level of significance for the increase in norisoprenoid concentrations in grapes over the sampling period (data for sun-light and shade combined). **=Highly significant (p~0,01). Values between sunlight-exposed and shaded grapes at each sampling stage designated by the same symbol do not differ significantly (p~0,05).
Effect of sunlight and shade on C 13 -norisoprenoid concentrations in grapes and wine
Acid-hydrolysed c 13 -norisoprenoids: The effect of sunlight and shade on the relative concentrations of the acid-released norisoprenoids in Weisser Riesling grapes and wines is given in Table 2 . These effects on the relative concentrations of TDN (2) and beta-damascenone (3) are also illustrated in Figures 2 and 3 (data for clones 37 and WI combined).
With few exceptions, notably beta-damascenone (3) (Fig. 3) , the norisoprenoid levels were significantly higher in grapes exposed to sunlight than in shaded grapes (Table 2 ). This phenomenon occurred at almost all sampling stages (Table 2 ) and even at the fourth stage where sugar accumulation reached the same level (Fig. 2) . Similar tendencies occurred in the wines made from grapes harvested at the third and fourth sampling stages (Table  2) . Differences in norisoprenoid levels between sunlight and shade were generally slightly smaller in the wines than in the corresponding grape samples (Fig. 2) . This can possibly be explained by the difference in grape handling. The sampling of sun-exposed and shaded grapes for analyses could be performed more precisely, while less strict selection occurred when grapes were picked for wine production by a group of harvesters.
1,1 ,6-Trimethyl-I ,2-dihydronaphthalene (2) (Fig. 2) , which makes a major contribution to the typical kerosenelike bottle-aged character of aged Weisser Riesling wines is of special importance (Simpson, 1978a; Simpson & Miller, 1983) . A threshold of 20 ppb in wine was reported by Simpson (1978a) . Generally, it is accepted that this kerosene-like character becomes undesirable when present in high intensities, especially in wines produced in hot regions. The compound, called OH-TDN (6), showed similar concentration changes as TDN (Table 2) . Whether this compound contributes to the aroma of wine is not known. Di Stefano (1985) mentioned a similar compound and suggested the structure to be that of 4-hydroxy-1, 1,6-trimethyl-1 ,2,3 ,4-tetrahydronaphthalene. Winterhalter (1991) tentatively identified this compound as 6-hydroxy-I, I ,6-trimethyl-1 ,2,5 ,6-tetrahydronaphthalene and sug- The beta-damascenone (3) concentration (Fig. 3) was not significantly affected by exposure to sunlight (Table 2) . Therefore, if shaded grapes are used for wine production, the contribution of beta-damascenone to aroma will, in contrast to that of other norisoprenoids, not necessarily be diminished. The marked decrease in beta-damascenone concentrations from grapes to wine (Fig. 3 ) cannot be explained. This compound is regarded as an important contributor to the typical character of young Weisser Riesling wines (Chisholm, 1990) . Ohloff (1978) described the odour of beta-damascenone as reminiscent of exotic flowers with a heavy fruity undertone and reported its flavour threshold in water to be 9 X w-3 ppb. Buttery, Teranishi & Ling (1988) reported a threshold in water of 2 X 10-3 ppb.
Apart from TDN and beta-damascenone, the sensory significance of only a few other norisoprenoids in wine is known. For example, the vitispiranes (1), which have a camphoraceous or eucalyptus odour (Simpson, l978a; Simpson, Strauss & Williams, 1977) , were reported to possess a flavour threshold in wine of 800 ppb (Simpson, l978b) . Like TDN, the vitispiranes also increase in concentration during ageing of wine and may affect wine quality as well (Simpson & Miller, 1983; Rapp & Giintert, 1985) . The actinidols (4) also possess a camphoraceous odour, but no threshold value has been reported (Dimitriadis et a!., 1985) . Williams eta!. (1989) demonstrated the importance of acid hydrolysates of precursor fractions in the varietal flavours of grapes and wines. When added to a neutral wine medium, these hydrolysates of Sauvignon Blanc, Chardonnay and Semillon juices had a highly significant effect on aroma. Whether the great number of c 13 -norisoprenoids, which formed a part of these hydrolysates, con- Weisser Riesling tributed to this phenomenon was not reported.
Chenin blanc grapes contained very low concentrations of trans-and cis-vitispirane (1), TDN (2), beta-damascenone (3), 9-hydroxymegastigm-7-en-3-one (5) and OH-TDN (6), and these results are therefore not given. The actinidols (4) showed similar tendencies in Chenin blanc grapes exposed to sunlight and shade as observed in Weisser Riesling grapes and were much higher in concentration in the former (Fig. 4) . Since changes in the concentrations of actinidol 1 and 2 were similar, only the former is illustrated. Chenin blanc is a neutral cultivar and the character of its wines is highly dependent on the contribution of fermentation-produced volatiles. The flavour threshold values of the actinidols are not known and it is possible that the high concentrations in which they occur in Chenin blanc grapes could still be lower than these values. The actinidols, therefore, appear to be of less importance as fragrant norisoprenoids in Chenin blanc or Weisser Riesling grapes and wines.
Enzymatically hydrolysed C 13-norisoprenoids: The effect of sunlight and shade on the relative concentrations of the enzymatically liberated norisoprenoids in Weisser Riesling grapes and wines is given in Table 3 .
As in the case of acid hydrolysis, norisoprenoid levels in Weisser Riesling were mostly significantly higher in grapes exposed to sunlight than shaded grapes (Table 3 ). An exception was megastigma-4,8-dien-3,7-dione (7). Similar tendencies occurred in the wines made from grapes harvested at the third and fourth sampling stages (Table 3) . Chenin blanc grapes also showed relatively high levels of some norisoprenoids and the effect of sunlight and shade on their concentrations was similar to that of Weisser Riesling. An example for comparison between Chenin blanc and Weisser Riesling is given in Figure 5 . a Statistical analysis was performed on log-transformed data. The F-test was followed by the LSD-test. S l-S4 = Sampling stages of grapes. S = Sunlight-exposed grapes. Sh = Shaded grapes. R = Level of significance for the increase in norisoprenoid concentrations in grapes over the sampling period (data for sunlight and shade combined).
Grapes
Wine
The use of acid versus enzymatically catalysed reactions, as employed in this study, could be considered as a means to determine the potential development of aromatic volatiles such as norisoprenoids in wine. Acid hydrolysis products such as the vitispiranes, actinidols, beta-damascenone and TDN are quite commonly observed in wines. It has been stated that enzymatic liberation of potentially volatile compounds is a more natural process during which the natural composition of flavour compounds is less disturbed (Williams, Strauss & Wilson, 1983) . However, C 13 -norisoprenoids, such as 3-oxo-alpha-ionol (8), the grasshopper ketone (12) and vomifoliol (13), which were produced at relatively high concentrations by enzymatic hydrolysis, have as yet not been reported in wines. Winterhalter et a!. (1990) identified 40 enzyme-released C 13 -norisoprenoids in Weisser Riesling wine. With a total concentration of over 1300 ppb, these compounds were the most abundant volatile aglycons. To what extent they are released naturally and contribute to wine aroma is not known. It appears that these norisoprenoids are either not fragrant compounds or they occur naturally in very low concentrations. The transformation of enzymereleased norisoprenoids to other compounds during ageing of wine should also be considered.
Various macro-and microclimatic factors may affect the development of free and bound flavour compounds in grapes. The role of light in mechanisms of flavour biosynthesis appears to be of particular importance. Morrison & Noble ( 1990) claimed that the changes in berry composition as a result of leaf and cluster shading are more closely related to the effect of light than to that of temperature. Future studies should be conducted on the role of light in the biosynthesis of bound c 13 -norisoprenoids.
Effect of degree of ripeness on norisoprenoid concentrations in grapes and wine: The effect of degree of ripeness on the relative concentrations of the acid-and enzymatically released norisoprenoids in Weisser Riesling grapes is given in Tables 2 and 3. Significant increases in acid-released norisoprenoid levels were observed in Weisser Riesling grapes with an increase in ripeness. Similar tendencies were found in most of the corresponding wines (Table 2) . Strauss et a!. (1987b) reported increases in the concentrations of vitispirane, TDN and beta-damascenone during ripening. These compounds were liberated from their bound precursors through heating of Weisser Riesling grape juice. In the present investigation, significant increases in enzymatically released norisoprenoid concentrations in grapes were mostly followed by slight decreases after the third sampling stage (Table 3) . Norisoprenoid concentrations in Chenin blanc grapes showed similar changes during ripening as in Weisser Riesling grapes (Figs. 4 and  5) . Similarly, increases and decreases in the concentrations of some free and bound monoterpenes during ripening were reported previously (Wilson, Strauss & Williams, 1984; Gunata eta!., 1985b; Marais, 1987) .
Sugar accumulation was slower in shaded grapes than in sun-exposed grapes, but became equivalent at the fourth sampling stage of Weisser Riesling (Fig. 2) . Most norisoprenoid concentrations differed greatly between sunexposed and shaded grapes at this sampling stage (Tables 2  and 3) , which indicates that the bound precursor development did not completely coincide with sugar accumulation. For instance, the TDN (2) concentration increases were 79,6% in the sun-exposed grapes [30,6% per degree Balling ( 0 B)] and 82,4% in the shaded grapes (17,9% per 0 B) (Fig. 2) . Therefore, it appears that the biosynthesis of TDN precursors was not parallel to sugar accumulation during ripening, which is in accordance with the suggestions of Wilson et al. (1984) on monoterpene glycoside biosynthesis.
CONCLUSIONS
Potentially volatile C13-norisoprenoids may be released from their bound forms in grapes or during wine ageing by acid and probably also by enzymatic hydrolysis. The development of these norisoprenoid precursors in grapes is significantly affected by sunlight, shade and degree of ripeness. Consequently, the composition and quality of wine will depend on, amongst other things, whether the grapes are matured in sunlight or shady conditions, and when the grapes are harvested during the grape ripening period. These factors may be considered in the production of Weisser Riesling wines from grapes with a lower potential to develop TDN and its typical kerosene-like aroma. In fact, the practice of harvesting grapes at an earlier ripening stage is already successfully applied on a limited scale in the South African wine industry.
Too much shade may result in rot and low concentrations of quality-enhancing aroma compounds, while overexposure to sunlight may lead to unacceptably high concentrations of phenolic and other undesirable compounds such as TDN, and sunburn even may occur. Therefore a canopy management system which would provide an effective shade/sunlight combination and produce wines with a low potential to develop TDN, but still with sufficient aroma, could be selected for Weisser Riesling.
The Amberlite XAD-2 isolation technique combined with acid hydrolysis offers the possibility of predicting the development of TDN in wine and, therefore, to some extent the potential quality of aged Weisser Riesling wines. However, it needs to be determined whether there is a correlation between naturally developed free TDN levels in aged wine and TDN levels obtained after acid hydrolysis of its bound forms in grapes or young wine. More work on the effects of the abovementioned factors on Weisser Riesling wine aroma and quality is needed. 
